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(57) ABSTRACT

The occurrence of shock and the occurrence of the feeling of
losing speed can be prevented. When the clutch 1s engaged
from the state 1n which the clutch 1s disengaged and a vehicle
1s being driven by only the power of an electric motor, an
clectric motor control unit controls the electric motor so that
the torque of the electric motor 1s decreased at a rate deter-
mined according to the torque requested by the driver. During
the period mm which the torque of the electric motor 1s
decreased at the above rate, a clutch control unit controls the
engagement of the clutch so that the clutch 1s engaged after
being set to a half-engaged clutch state 1n which part of the
power 1s transmitted. The present invention 1s applicable to

hybrid vehicles.
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VEHICLE, CONTROL METHOD, AND
COMPUTER PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a U.S. national stage of application No. PCT/
JP2011/074134, filed on Oct. 20, 2011. Priority under 35

U.S.C. §119(a) and 35 U.S.C. §365(b) 1s claimed from Japa-
nese Patent Application No. 2010-237801 filed on Oct. 22,
2010, the disclosure of which 1s also incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to a vehicle, a control method,
and a computer program.

BACKGROUND ART

A so-called hybrnid vehicle that 1s driven by an internal
combustion engine and an electric motor recerves attention.
When the hybrid vehicle decelerates, the electric motor func-
tions as an electric generator to perform an electric power
regeneration (hereimaftter, also simply referred to as a regen-
eration) and storage the electric power. The stored electric
power 1s used for generating driving force, for example, when
the vehicle accelerates or runs.

Some hybrid vehicles have a gear box configured to auto-
matically shift gears. Hereinafter, the gear box 1s also referred
to a transmission.

In this case, a clutch configured to connect the power or cut
the connection of the power can be provided between the
internal combustion engine and the electric motor.

FIGS. SA and 5B are time charts for showing the rotational
speeds of the electric motor and the internal combustion
engine, and the torque of the electric motor and the torque that
the driver requests to be generated (hereinafter, referred to as
a driver’s request torque) when the vehicle shifts from the
state 1n which the vehicle runs only by the driving force of the
clectric motor (hereinatter, referred to as an EV driving state)
to the state 1n which the vehicle runs only by the driving force
of the internal combustion engine (hereinatfter, referred to as
an engine driving state).

In FIG. 5A, the rotational speed 1s shown on the vertical
axis, and the time 1s shown on the horizontal axis. In FIG. SA,
the solid line denotes the rotational speed of the internal
combustion engine, and the alternate long and short dash line
denotes the rotational speed of the electric motor.

In FI1G. 5B, the torque 1s shown on the vertical axis, and the
time 1s shown on the horizontal axis. In FIG. 5B, the dash line
denotes the driver’s request torque, and the alternate long and
short dash line denotes the torque of the electric motor.

The vehicle 1s started only by the driving force (torque) of
the electric motor at a time t1, the shift from the EV driving
state to the engine driving state 1s started at a time t2, and the
clutch 1s engaged so that the state 1s shifted to the engine
driving state during the time from the time {2 to a time t3.

Because the torque of the electric motor 1s rapidly dropped
to zero and the clutch 1s engaged at the time 12, a period during
which the rotational speed of the electric motor does not
increase develops from the time t2 to the time t3 as 1llustrated
in FIG. SA when the rotational speed of the internal combus-
tion engine 1s lower than the rotational speed of the electric
motor.

Some parallel hybrid vehicles in the past include a battery
temperature sensor for detecting the state of the battery, an
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HVECU, a vehicle speed sensor for detecting the state of the
vehicle, an engine rotational speed sensor, an accelerator
pedal opeming sensor, and an FI/AT/MGECU 1for changing
the request values of the engine and the motor based on the
accelerator pedal opening and determiming from the state of
the vehicle whether the supply of fuel to the engine should be
stopped. When the vehicle 1s decelerating and the accelerator
pedal opening 1s equal to or less than a predetermined open-
ing, the fuel cut state 1s maintained and the target torque found
based on the accelerator pedal opening 1s controlled by an
MOTECU until the accelerator pedal opening increases to the

predetermined opening (for example, see Patent Literature
PTL1).

CITATION LIST
Patent iterature

PTLI1: JP 2005-291206 A

SUMMARY OF INVENTION
Technical Problem

However, as described with reference to FIGS. 5A and 5B,
when the EV driving state 1s shifted to the engine driving
state, the rotational speeds of the electric motor and the inter-
nal combustion engine are synchronized with each other in
order to engage (connect) the clutch and 1t 1s necessary to cut
the torque of the electric motor 1n order to reduce the shock
occurring when the clutch 1s engaged (connected). Although
this reduces the shock, cutting the torque of the electric motor
causes the feeling of losing speed.

In light of the foregoing, an objective of the present inven-
tion 1s to solve the above-mentioned problem, in other word,
to provide a vehicle, a control method, and a computer pro-
gram that are capable of preventing the occurrence of shock
and the occurrence of the feeling of losing speed.

Solution to Problem

To solve the above-mentioned problem, an aspect of the
vehicle of the present ivention 1s a vehicle driven by an
internal combustion engine and an electric motor that are
connected to each other through a clutch configured to con-
nect or cut power, and the vehicle includes an apparatus
including electric motor control means for controlling the
clectric motor in order to reduce a torque of the electric motor
at a rate determined according to a torque requested by a
driver when the clutch 1s engaged from a state 1n which the
clutch 1s disengaged and the vehicle 1s driven only by the
power of the electric motor, and clutch engagement control
means for controlling the engagement of the clutch 1n order to
shift the clutch to a half-engaged clutch state where the power
1s partially transmitted and then engage the clutch during the
period when the torque of the electric motor 1s reduced at the
rate.

Further, an aspect of the vehicle of the present invention, 1n
addition to the above-mentioned structure, further includes
request means for requesting a synchronization of a rotational
speed of the mternal combustion engine when the clutch 1s
engaged from a state in which the clutch s disengaged and the
vehicle 1s driven only by the power of the electric motor.

Further, an aspect of the vehicle of the present invention, 1n
addition to the above-mentioned structure, further includes
determining means for determining whether a difference
between a rotational speed of the electric motor and the rota-
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tional speed of the internal combustion engine 1s less than a
predetermined threshold, wherein the clutch engagement

control means controls the engagement of the clutch 1n order
to shitt the clutch to a hali-engaged clutch state where the
power 1s partially transmitted and then engage the clutch
when 1t 1s determined that the difference between the rota-
tional speed of the electric motor and the rotational speed of
the internal combustion engine 1s less than the predetermined
threshold.

Further, an aspect of the control method of the present
invention 1s a control method of a vehicle driven by an internal
combustion engine and an electric motor that are connected to
cach other through a clutch configured to connect or cut
power, and the control method includes an electric motor
control step for controlling the electric motor 1n order to
reduce a torque of the electric motor at a rate determined
according to a torque requested by a driver when the clutch 1s
engaged from a state in which the clutch is disengaged and the
vehicle 1s driven only by the power of the electric motor, and
a clutch engagement control step for controlling the engage-
ment of the clutch 1in order to shift the clutch to a half-engaged
clutch state where the power 1s partially transmitted and then
engage the clutch during the period when the torque of the
clectric motor 1s reduced at the rate.

Further, an aspect of the computer program of the present
ivention causes a computer for controlling a vehicle driven
by an internal combustion engine and an electric motor that
are connected to each other through a clutch configured to
connect or cut power to perform a process including an elec-
tric motor control step for controlling the electric motor in
order to reduce a torque of the electric motor at a rate deter-
mined according to a torque requested by a driver when the
clutch 1s engaged from a state 1n which the clutch 1s disen-
gaged and the vehicle 1s driven only by the power of the
clectric motor, and a clutch engagement control step for con-
trolling the engagement of the clutch 1n order to shiit the
clutch to a half-engaged clutch state where the power 1s
partially transmitted and then engage the clutch during the
period when the torque of the electric motor 1s reduced at the
rate.

Advantageous Effect of Invention

To solve the above-mentioned problem, an aspect of the
vehicle of the present invention 1s a vehicle driven by an
internal combustion engine and an electric motor that are
connected to each other through a clutch configured to con-
nect or cut power, and the vehicle includes an apparatus
including electric motor control means for controlling the
clectric motor in order to reduce a torque of the electric motor
at a rate determined according to a torque requested by a
driver when the clutch 1s engaged from a state in which the
clutch 1s disengaged and the vehicle 1s driven only by the
power of the electric motor, and clutch engagement control
means for controlling the engagement of the clutch 1n order to
shift the clutch to a half-engaged clutch state where the power
1s partially transmitted and then engage the clutch during the
period when the torque of the electric motor 1s reduced at the
rate.

Further, an aspect of the vehicle of the present invention, in
addition to the above-mentioned structure, further includes
request means for requesting a synchronization of a rotational
speed of the internal combustion engine when the clutch 1s
engaged from a state in which the clutch is disengaged and the
vehicle 1s driven only by the power of the electric motor.

Further, an aspect of the vehicle of the present invention, in
addition to the above-mentioned structure, further includes
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4

determining means for determining whether a difference
between a rotational speed of the electric motor and the rota-
tional speed of the mternal combustion engine 1s less than a
predetermined threshold, wherein the clutch engagement
control means controls the engagement of the clutch 1n order
to shift the clutch to a halt-engaged clutch state where the
power 1s partially transmitted and then engage the clutch
when 1t 1s determined that the difference between the rota-
tional speed of the electric motor and the rotational speed of
the internal combustion engine 1s less than the predetermined
threshold.

Further, an aspect of the control method of the present
invention 1s a control method of a vehicle driven by an internal
combustion engine and an electric motor that are connected to
cach other through a clutch configured to connect or cut
power, and the control method includes an electric motor
control step for controlling the electric motor 1n order to
reduce a torque of the electric motor at a rate determined
according to a torque requested by a driver when the clutch 1s
engaged from a state in which the clutch 1s disengaged and the
vehicle 1s driven only by the power of the electric motor, and
a clutch engagement control step for controlling the engage-
ment of the clutch 1n order to shift the clutch to a half-engaged
clutch state where the power 1s partially transmitted and then
engage the clutch during the period when the torque of the
clectric motor 1s reduced at the rate.

Further, an aspect of the computer program of the present
invention causes a computer for controlling a vehicle driven
by an internal combustion engine and an electric motor that
are connected to each other through a clutch configured to
connect or cut power to perform a process including an elec-
tric motor control step for controlling the electric motor in
order to reduce a torque of the electric motor at a rate deter-
mined according to a torque requested by a driver when the
clutch 1s engaged from a state 1n which the clutch 1s disen-
gaged and the vehicle 1s driven only by the power of the
clectric motor, and a clutch engagement control step for con-
trolling the engagement of the clutch 1n order to shift the
clutch to a half-engaged clutch state where the power 1s
partially transmitted and then engage the clutch during the
period when the torque of the electric motor 1s reduced at the

rate.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A block diagram for illustrating an exemplary struc-
ture of a hybnid vehicle 1.

FIG. 2 A block diagram for illustrating an exemplary con-
figuration of a function implemented 1n an ECU 18.

FIG. 3A A time chart when the EV driving state 1s shifted

to the engine driving state.
FIG. 3B A time chart when the EV driving state 1s shifted

to the engine driving state.
FIG. 3C A time chart when the EV driving state 1s shifted

to the engine driving state.

FIG. 3D A time chart when the EV driving state 1s shifted
to the engine driving state.

FIG. 4 A flowchart for describing a process for the electric
motor control and a process for the clutch control.

FIG. SA A time chart when the EV driving state 1s shifted
to the engine driving state 1n the past.

FIG. 3B A time chart when the EV driving state 1s shifted
to the engine driving state 1n the past.

DESCRIPTION OF EMBODIMENTS

Heremnafiter, a hybrid vehicle according to an embodiment
of the present invention will be described with reference to

FIGS. 1 to 4.
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FIG. 1 1s a block diagram {for illustrating an exemplary
structure of a hybrid vehicle 1. The hybrid vehicle 1 1s an
example of a vehicle. The hybrid vehicle 1 1s driven by an
internal combustion engine and/or an electric motor through
a gear box configured to automatically shift gears. For
example, when the vehicle decelerates, the electric power can
be regenerated by the electric motor. The gear box configured
to automatically shiit the gears 1s, for example, referred to as
a semiautomatic transmission. The transmission can auto-
matically shift the gears while having the same structure as a
manual transmission.

The hybrid vehicle 1 includes an engine 10, an engine
Electronic Control Unit (ECU) 11, a clutch 12, an electric
motor 13, an mverter 14, a battery 15, a transmission 16, a

motor ECU 17, a hybrid ECU 18, a wheel 19, and a shiit unit

20. Note that the transmission 16 includes the above-men-
tioned semiautomatic transmission and 1s operated by the
shift unit 20 including a drive range (hereinatter, referred to as
a D (Drive) range).

The engine 10 1s an example of an internal combustion
engine, and 1s controlled by the engine ECU 11. The engine
10 internally combusts gasoline, light 011, Compressed Natu-
ral Gas (CNG), Liquetied Petroleum Gas (LPG), alternative
tuel, or the like 1n order to generate power for rotating a shatt
and transmit the generated power to the clutch 12.

The engine ECU 11 1s a computer working in coordination
with the motor ECU 17 corresponding to the instructions
from the hybnd ECU 18, and controls the engine 10, for
example, the amount of fuel 1njection and the valve timing.
For example, the engine ECU 11 includes a Central Process-
ing Unit (CPU), an Application Specific Integrated Circuit
(ASIC), a microprocessor (micro-computer), a Digital Signal
Processor (DSP), and the like, and internally has an operation
unit, a memory, an Input/Output (1I/0O) port, and the like.

The clutch 12 1s controlled by the hybrid ECU 18, and
transmits the shaft output from the engine 10 to the wheel 19
through the electric motor 13 and the transmission 16. In
other words, the clutch 12 mechanically connects (hereinat-
ter, simply referred to as connects) the rotating shait of the
engine 10 to the rotating shatt of the electric motor 13 by the
control of the hybrid ECU 18 in order to transmit the shaft
output of the engine 10 to the electric motor 13. On the other
hand, the clutch 12 cuts (hereimnaftter, simply referred to as cuts
or disconnects) the mechanical connection between the rotat-
ing shait of the engine 10 and the rotating shaft of the electric
motor 13 so that the rotating shaft of the engine 10 and the
rotating shaift of the electric motor 13 can rotate at different
rotational speeds from each other.

For example, the clutch 12 mechanically connects the
rotating shaft of the engine 10 to the rotating shaft of the
clectric motor 13, for example, when the hybrid vehicle 1 runs
by the power of the engine 10 and this causes the electric
motor 13 to generate electric power, when the driving force of
the electric motor 13 assists the engine 10, and when the
clectric motor 13 starts the engine 10.

Alternatively, for example, the clutch 12 cuts the mechani-
cal connection between the rotating shaft of the engine 10 and
the rotating shaft of the electric motor 13 when the engine 10
stops or 1s 1n an 1dling state and the hybrid vehicle 1 runs by
the driving force of the electric motor 13, and when the hybrid
vehicle 1 decelerates or runs on the down grade and the
clectric motor 13 generates electric power (regenerates elec-
tric power) while the engine 10 stops or 1s 1in an 1dling state.

Note that the clutch 12 differs from the clutch operated by
the driver’s operation of a clutch pedal, and 1s operated by the
control of the hybrid ECU 18.
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The electric motor 13 1s a so-called motor generator that
supplies a shait output to the transmission 16 by generating,
the power for rotating the shaft using the electric power sup-
plied from the inverter 14, or that supplies electric power to
the inverter 14 by generating the electric power using the
power for rotating the shait supplied from the transmission
16. For example, when the hybrid vehicle 1 accelerates or
runs at a constant speed, the electric motor 13 generates the
power for rotating the shait to supply the shaft output to the
transmission 16 in order to cause the hybrid vehicle 1 to run in
cooperation with the engine 10. Further, the electric motor 13
works as an electric generator, for example, when the electric
motor 13 1s dniven by the engine 10, or when the hybrid
vehicle 1 runs without power, for example, the hybrid vehicle
1 decelerates or runs on the down grade. In that case, electric
power 1s generated by the power for rotating the shaft sup-
plied from the transmission 16 and is supplied to the inverter
14 1n order to charge the battery 15.

The 1mverter 14 1s controlled by the motor ECU 17, and
converts the direct voltage from the battery 15 into an alter-
nating voltage or converts the alternating voltage from the
clectric motor 13 mto a direct voltage. When the electric
motor 13 generates power, the inverter 14 converts the direct
voltage of the battery 135 into an alternating voltage and sup-
plies the electric power to the electric motor 13. When the
clectric motor 13 generates electric power, the inverter 14
converts the alternating voltage from the electric motor 13
into a direct voltage. In other words, 1n that case, the imnverter
14 works as a rectifier and a voltage regulator for supplying a
direct voltage to the battery 15.

The battery 15 1s a secondary cell capable of being charged
and discharged. The battery 15 supplies electric power to the
clectric motor 13 through the inverter 14 when the electric
motor 13 generates power. Alternatively, the battery 135 1s
charged with the electric power generated by the electric
motor 13 when the electric motor 13 generates electric power.

The transmission 16 includes a semiautomatic transmis-
s1on (not shown 1n the drawings) that selects one of a plurality
of gear ratios (change gear ratios) according to the signal to
instruct to shift gears from the hybrid ECU 18 1n order to shiit
the change gear ratios and transmit the gear-shifted power of
the engine 10 and/or of the electric motor 13 to the wheel 19.
Alternatively, the transmission 16 transmits the power from
the wheel 19 to the electric motor 13, for example, when the
vehicle decelerates or runs on the down grade. By the opera-
tion of the shift umit 20 in which the drive range (D range), a
neutral range, a reverse range, or the like 1s selected by the
driver, the transmission 16 i1s shifted to a driving state in
which the power 1s transmitted with shifting gears, a so-called
neutral state 1n which the transmission of the power 1s inter-
rupted, or a reverse state. Note that the semiautomatic trans-
mission can also shift the gear position to a given gear number
by the driver’s hand operation of the shift unit 20.

The motor ECU 17 1s a computer working in coordination
with the engine ECU 11 corresponding to the instructions
from the hybrid ECU 18, and controls the electric motor 13 by
controlling the inverter 14. For example, the motor ECU 17
includes a CPU, an ASIC, a microprocessor (micro-coms-
puter), a DSP, and the like, and internally has an operation
unit, a memory, an I/O port, and the like.

The hybrid ECU 18 1s an example of a computer. The
hybrid ECU 18 obtains accelerator opening information,
brake operation information, vehicle speed information, and
the like and controls the clutch 12 by referring to the infor-
mation. The hybrid ECU 18 further gives the control mnstruc-
tions of the electric motor 13 and the 1inverter 14 to the motor
ECU 17, and gives the control instruction of the engine 10 to
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the engine ECU 11. For example, the hybrid ECU 18 includes
a CPU, an ASIC, a microprocessor (micro-computer), a DSP,
and the like, and internally has an operation unit, a memory,
an I/O port, and the like.

Note that a computer program to be executed by the hybnid
ECU 18 can be previously installed on the hybrid ECU 18 that
1s a computer by being stored 1n anon-volatile memory nside
the hybrid ECU 18 1n advance.

The engine ECU 11, the motor ECU 17, and the hybnid
ECU 18 are connected to each other, for example, through a
bus complying with the standard of the Control Area Network
(CAN) or the like.

The wheel 19 1s a drive wheel for transmitting the driving,
force to the road surface. Note that, although only one wheel
19 i1s illustrated i FIG. 1, the hybnd vehicle 1 actually
includes a plurality of the wheels 19.

FIG. 2 1s a block diagram for illustrating an exemplary
configuration of a function implemented 1n the hybrid ECU
18 that executes a computer program. In other words, once the
hybrid ECU 18 executes a computer program, an electric
motor control unit 31 and a clutch control unit 32 are imple-
mented.

The electric motor control unit 31 gives the control instruc-
tions of the electric motor 13 and the 1inverter 14 to the motor
ECU 17 and controls the electric motor 13 1n order to rotate
the electric motor 13 at a desired rotational speed and gener-
ate a desired torque at the electric motor 13.

The clutch control unit 32 controls the clutch 12 by trans-
mitting a control signal.

In more detail, the electric motor control unit 31 includes a
determining unit 41, an engine rotational speed synchroniza-
tion request unit 42, and an electric motor torque control unit
43. The determining unit 41 variously determines, for
example, whether the rotational speed of the electric motor 13
has exceeded the rotational speed 1n which the EV driving
state 1s terminated.

The engine rotational speed synchromization request unit
42 gives the control instruction of the engine 10 to the engine
ECU 11, and requests the synchronization of the rotational
speed of the engine 10 with the rotational speed of the electric
motor 13. The electric motor torque control unit 43 gives the
control mnstructions of the electric motor 13 and the inverter
14 to the motor ECU 17 and controls the electric motor 13 1n
order to generate a desired torque at the electric motor 13.

The clutch control unit 32 includes a determining unit 44
and an engagement control unit 45. The determining unit 44
determines whether the absolute value of the difference
between the rotational speed of the electric motor 13 and the
rotational speed of the engine 10 has been less than the rota-
tional speed 1n which the clutch 1s engaged and which 1s a
predetermined threshold. The engagement control unit 45
transmits the control signal 1n order to disengage the clutch 12
or partially transmit the power or, namely, shift the clutch to
a halt-engaged clutch state. Alternatively, the engagement
control unit 45 controls the clutch 12 so that the clutch 12 1s
disengaged.

FIGS. 3A to 3D are time charts for illustrating the rota-
tional speeds of the electric motor 13 and the engine 10, the
state of the clutch 12, the generated torque of the engine 10,
the generated torque of the electric motor 13, and the driver’s
request torque when the EV driving state 1s shifted to the
engine driving state.

In FIG. 3A, the rotational speed 1s shown on the vertical
axi1s, and the time 1s shown on the horizontal axis. In FIG. 3A,
the solid line denotes the rotational speed of the engine 10,
and the alternate long and short dash line denotes the rota-
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the clutch 12 1s shown on the vertical axis, and the time 1s
shown on the horizontal axis. In FIG. 3C, the torque of the
engine 10 1s shown on the vertical axis, and the time 1s shown
on the horizontal axis. In FIG. 3C, the dash line denotes the
driver’s request torque, and the solid line denotes the torque
of the engine 10.

In FIG. 3D, the torque of the electric motor 13 1s shown on
the vertical axis, and the time 1s shown on the horizontal axis.
In FIG. 3D, the dash line denotes the driver’s request torque,
and the alternate long and short dash line denotes the torque of
the electric motor 13.

The vehicle starts only by the driving force (torque) of the
clectric motor 13 in the EV driving state at a time t11, the shaft
from the EV driving state to the engine driving state 1s started
at atime t12, the clutch 12 1s shifted to the halt-engaged clutch
stateat a time t13, and the clutch 12 1s engaged and the vehicle
1s shifted to the engine driving state at a time t14.

Because the vehicle starts by the driving force (torque) of
the electric motor 13 1n the EV dniving state at a time t11, the
rotational speed of the electric motor 13 1s increased at the
period from the time t11 to the time t12 as illustrated in FIG.
3A whereas the rotational speed of the engine 10 1s main-
tained at the rotational speed of idling. The clutch 12 1s
disengaged at the period from the time t11 to the time t12 as
illustrated 1n FIG. 3B. The engine 10 generates torque for
maintaining idling as illustrated 1n FIG. 3C. Further, at the
period from the time t11 to the time t12, the electric motor 13
generates torque that 1s equal to the driver’s request torque as
illustrated 1n FIG. 3D.

Because the rotational speed of the electric motor 13 has
exceeded an EV-driving-state terminating rotational speed
that 1s a threshold indicating the rotational speed 1n which the
EV driving state 1s terminated at the time t12, the shift from
the EV drniving state to the engine driving state 1s started.

Therotational speed of the engine 10 starts to increase from
the time t12 as illustrated 1n FIG. 3A. The torque generated by
the engine 10 also starts to increase as illustrated 1n FIG. 3C.
Further, from the time t12, the torque of the electric motor 13
1s decreased at a predetermined rate a (INm/sec) correspond-
ing to the driver’s request torque as illustrated 1n FIG. 3D.

As illustrated 1n FIG. 3B, the instruction to shift the clutch
12 to the half-engaged clutch state 1s supplied to shift the
clutch 12 just before the time t13, and the clutch 12 comes into
the half-engaged clutch state at the time t13. As 1llustrated in
FIG. 3A, the rotational speed of the engine 10 rapidly
approaches the rotational speed of the electric motor 13 from
the time t13 when the clutch comes 1nto the halif-engaged
clutch state. Further, as illustrated in FI1G. 3C, from the time
t13 when the clutch has come into the half-engaged clutch
state, the torque generated by the engine 10 1s increased 1n
order to rapidly approach the driver’s request torque.

As 1llustrated 1n FIG. 3B, the instruction to engage the
clutch 12 1s supplied to the clutch 12 just before a time t14,
and the clutch 12 1s engaged at the time t14. Because the
clutch 12 1s engaged, the rotational speed of the engine 10 1s
equal to the rotational speed of the electric motor 13 at the
time t14 as illustrated in FIG. 3A. When becoming smaller
than an EV terminating torque that 1s a predetermined thresh-
old at the time t14, the torque of the electric motor 13 1s cut to
be zero at the time t14 as 1llustrated in F1G. 3D. The engine 10
generates torque that 1s equal to the driver’s request torque
from the time t14 as 1llustrated 1n FI1G. 3C.

As described above, the period from the time t12 to the time
t14 1s assumed as a motor torque rate region. The torque of the
clectric motor 13 1s decreased at the rate a (Nm/sec) according
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to the driver’s request torque. When becoming smaller than
the EV terminating torque, the torque of the electric motor 13
becomes zero.

FI1G. 41s atflowchart for describing a process for the electric
motor control and a process for the clutch control. In step S11
of the process for the electric motor control, the determining
unit 41 of the electric motor control unit 31 determines
whether a rotational speed Nm of the electric motor 13 has
exceeded the EV-driving-state terminating rotational speed
by comparing the rotational speed Nm of the electric motor 13
indicated by electric motor rotational speed information
obtained by the motor ECU 17 with the EV-drniving-state
terminating rotational speed that 1s a threshold indicating the
rotational speed 1n which the EV driving state 1s terminated.

In step S11 of the process for the electric motor control,
when 1t 1s determined that the rotational speed Nm of the
clectric motor 13 has exceeded the EV-driving-state terminat-
ing rotational speed, the process for the electric motor control
proceeds to step S12. Then, the engine rotational speed syn-
chronization request umt 42 gives the control instruction of
the engine 10 to the engine ECU 11, and requests the syn-
chronization of the rotational speed of the engine 10 with the
rotational speed of the electric motor 13. The request for the
synchronization of the rotational speed of the engine 10 1s
notified to the process for the clutch control.

In step S13 of the process for the electric motor control, the
clectric motor torque control unit 43 finds (calculates), from
the driver’s request torque, the rate a (Nm/sec) indicating the
rate at which the torque of the electric motor 13 1s reduced
relative to the time course. For example, the electric motor
torque control unit 43 sets, as the rate a, the quotient obtained
by dividing, by the time required to engage the clutch 12, the
result of subtracting the EV terminating torque (described
below) from the driver’s request torque. In step S14 of the
process for the electric motor control, the electric motor

torque control unit 43 gives the control instructions of the
electric motor 13 and the inverter 14 to the motor ECU 17, and
controls the electric motor 13 in order to narrow a torque Tm
of the electric motor 13 at the found rate a.

On the other hand, when the fact that the synchronization
of the rotational speed of the engine 10 has been requested 1s
notified to the process for the clutch control, the determining
unit 44 determines 1n step S31 of the process for the clutch
control whether the absolute value of the difference between
the rotational speed Nm of the electric motor 13 and a rota-
tional speed Ne of the engine 10 has been less than the
rotational speed 1n which the clutch i1s engaged and which 1s
a predetermined threshold. The determining unit 44 repeats
the determination until the absolute value of the difference
between the rotational speed Nm of the electric motor 13 and
the rotational speed Ne of the engine 10 becomes less than the
rotational speed 1n which the clutch 1s engaged.

When 1t 1s determined 1n step S31 that the absolute value of
the difference between the rotational speed Nm of the electric
motor 13 and the rotational speed Ne of the engine 10 has
become less than the rotational speed in which the clutch 1s
engaged, the process for the clutch control proceeds to step
S32. Then, the engagement control unit 45 supplies the
instruction to the clutch 12, and requests the clutch 12 to come
from the disengaged state into the halt-engaged clutch state,
and into the engaged state. The clutch 12 comes nto the
half-engaged clutch state 1n step S33 of the process for the
clutch control. Then, the clutch 12 comes into the engaged
state 1n step S34 of the process for the clutch control. When
the clutch 12 comes 1nto the engaged state, the fact 1s notified
to the process for the electric motor control.
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When the fact that the clutch 12 has come 1nto the engaged
state 1s notified to the process for the electric motor control,
the determining unit 41 determines 1n step S15 of the process
for the electric motor control whether the torque Tm gener-
ated by the electric motor 13 has become smaller than the EV
terminating torque that 1s a predetermined threshold. The
determining unit 41 repeats the determination until the torque
Tm becomes smaller than the EV terminating torque.

When 1t 1s determined 1n step S135 that the torque Tm
generated by the electric motor 13 has become smaller than
the EV terminating torque, the process for the electric motor
control proceeds to step S16. Then, the electric motor torque
control unit 43 gives the control instructions of the electric
motor 13 and the inverter 14 to the motor ECU 17, and
controls the electric motor 13 1n order to get the torque Tm of
the electric motor 13 into zero. Then, the process for the
clectric motor control 1s terminated. The process for the
clutch control 1s also terminated with the termination of the
process for the electric motor control.

As described above, when 1t 1s necessary to engage the
clutch 12 from the EV driving state, the engine 10 1s required
to synchronize the rotation with the rotation of the electric
motor 13. At the same time, the torque of the electric motor 13
1s narrowed to the torque at which the shock caused by the
engagement of the clutch does not occur while the feeling of
increasing speed 1s maintained at the rate a according to the
driving torque (the driver’s request torque) at that time. While
the torque of the electric motor 13 1s narrowed, the clutch 12
1s engaged 1n order not to cause the feeling of strangeness at
the shift from the torque of electric motor 13 to the torque of
the engine 10. With the control, as a method for controlling
the torque of the electric motor 13 1n order to reduce the shock
without causing the feeling of losing speed, a control appa-
ratus configured to determine the torque of the electric motor
13 as a constant using the variation of the acceleration accept-
able to the torque 1n the EV drniving state and the torque of
clectric motor 13 when the clutch 12 1s engaged 1s provided.
When the engagement of the clutch 12 occurs, a torque nar-
rowing rate and a clutch engagement acceptable torque are
generated using the determined constant.

As described above, the occurrence of shock and the occur-
rence of the feeling of losing speed can be prevented.

Alternatively, the threshold of the EV terminating torque
described 1n step S15 of the flowchart 1n FIG. 4 may be
changed, for example, according to the gross weight of the
hybrid vehicle 1 or the degree of the upgrade of the road
surface on which the hybrid vehicle 1 runs. For example,
when the gross weight of the hybnid vehicle 1 1s relatively
heavy, or when the degree of the upgrade of the road surface
on which the hybrid vehicle 1 runs 1s relatively large, the
driver requires a relatively large torque. As described above,
when the driver requires a relatively large torque, because the
driver generally dislikes the feeling of losing speed more than
the shock caused by the engagement of the clutch, 1t 1s pret-
erable 1n such a case to give more priority to the reduction of
the feeling of losing speed over the reduction of the shock
caused by the engagement of the clutch. Thus, the vehicle 1s
controlled in order to reduce the rate of decrease 1n the motor
torque denoted with the alternate long and short dash line in
the motor torque rate region at the period from the time t12 to
the time t14 illustrated in FIG. 3D (1n other word, 1n order to
reduce the inclination of the alternate long and short dash
line). Accordingly, the control can be implemented 1n such
manner as when the driver requires a relatively large torque,
the reduction of the feeling of losing speed 1s given priority
over the reduction of the shock caused by the engagement of
the clutch, and 1n other case (in other words, when the driver
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does not require a relatively large torque), both of the reduc-
tion of the shock caused by the engagement of the clutch and
the feeling of losing speed are reduced.

Note that the gross weight of the hybnid vehicle 1 can be
found by measuring the load of the carrier, for example, by the
axle sensor provided on the axle. Alternatively, the gross
weight of the hybrid vehicle 1 may also be estimated by
checking the behavior of the running hybrid vehicle 1 (for
example, see JP 2004-025956 A). Further, the inclination of
the road surface on which the hybrid vehicle 1 runs can be
found, for example, using an 1nclination sensor or the like.
Alternatively, instead of detecting the gross weight of the
hybrid vehicle 1 or the inclination of the road surface on
which the hybrid vehicle 1 runs, by detecting the amount
depressed by the driver of the accelerator pedal using a sensor
or the like, the driver’s request torque 1s directly detected.
According to the detection result, the threshold of the EV
terminating torque may be changed.

Further, although the engine 10 has been described as an
internal combustion engine, the engine 10 may also be a heat
engine including an external combustion engine.

Further, while the computer program executed by the
hybrid ECU 18 1s installed on the hybrid ECU 18 1n advance
in the description above, the computer program may be
installed on the hybrid ECU 18 as a computer by attaching
removable media recording the computer program (storing
the computer program), for example, to a drive (not shown in
the drawings) and stonng the computer program read from
the removable media 1n a non-volatile memory 1nside the
hybrid ECU 18, or recetving, by a communication unit (not
shown 1n the drawings), a computer program transmitted
through a wired or wireless transmission medium and storing,
the computer program in a non-volatile memory inside the
hybrid ECU 18.

Further, each ECU may be implemented by an ECU com-
bining some or all of the functions of the ECUs. Alternatively,
an ECU may newly be provided by the further subdivision of
the function of each ECU.

Note that the computer program executed by the computer
may be for performing the process in chronological order
according to the order described herein or may be for per-
forming the process 1n parallel or at the necessary timing, for
example, when the computer program 1s invoked.

Further, the embodiments of the present invention are not
limited to the above-mentioned embodiments, and can be
variously modified without departing from the gist of the
invention.

The mvention claimed 1s:

1. A vehicle driven by an internal combustion engine and an
clectric motor that are connected to each other through a
clutch configured to connect or cut power, the vehicle com-
prising an apparatus including:

clectric motor control means for controlling the electric

motor that reduces a torque of the electric motor at arate
determined according to a torque requested by a driver
when the clutch 1s engaged from a state in which the
clutch 1s disengaged and while the vehicle 1s driven only
by the power of the electric motor; and

clutch engagement control means for controlling the

engagement of the clutch that shifts the clutch to a hali-
engaged clutch state where the power 1s partially trans-
mitted and engages the clutch during the period while
the torque of the electric motor 1s reduced at the rate.

2. The vehicle according to claim 1, further comprising;

request means for requesting a synchronization of a rota-

tional speed of the internal combustion engine when the
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clutch 1s engaged from the state in which the clutch 1s
disengaged and the vehicle 1s driven only by the power
of the electric motor.

3. The vehicle according to claim 1,

wherein the clutch engagement control means controls the

engagement of the clutch to shift the clutch to the hali-
engaged clutch state where the power i1s partially trans-
mitted and then engage the clutch if a difference between
a rotational speed of the electric motor and the rotational
speed of the internal combustion engine 1s less than a
predetermined threshold.

4. A control method of a vehicle driven by an internal
combustion engine and an electric motor that are connected to
cach other through a clutch configured to connect or cut
power, the control method comprising:

an electric motor control step for controlling the electric

motor that reduces a torque of the electric motor at a rate
determined according to a torque requested by a driver
when the clutch 1s engaged from a state in which the
clutch 1s disengaged and while the vehicle 1s driven only
by the power of the electric motor; and

a clutch engagement control step for controlling the

engagement of the clutch that shifts the clutch to a hali-
engaged clutch state where the power 1s partially trans-
mitted and then engages the clutch during the period
while the torque of the electric motor 1s reduced at the
rate.

5. A non-transitory computer-readable storage medium for
storing a computer program causing a computer to control a
vehicle driven by an internal combustion engine and an elec-
tric motor that are connected to each other through a clutch
configured to connect or cut power to perform a process
including;

an electric motor control step for controlling the electric

motor that reduces a torque of the electric motor at a rate
determined according to a torque requested by a driver
when the clutch 1s engaged from a state in which the
clutch 1s disengaged and while the vehicle 1s driven only
by the power of the electric motor; and

a clutch engagement control step for controlling the

engagement of the clutch that shifts the clutch to a hali-
engaged clutch state where the power 1s partially trans-
mitted and then engages the clutch during the period
while the torque of the electric motor 1s reduced at the
rate.

6. A vehicle driven by an internal combustion engine and an
clectric motor that are connected to each other through a
clutch configured to connect or cut power, the vehicle com-
prising:

an Electronic Control Unit (ECU) which controls opera-

tion of the an internal combustion engine and an electric
motor,

wherein the ECU 1ncludes an electric motor control con-

figured to find a torque reducing rate which 1s deter-
mined according to a torque requested by a driver and
indicates the rate at which the torque of the electric
motor 1s reduced relative to a time course, and control-
ling the electric motor that reduces a torque of the elec-
tric motor at the torque reducing rate, when the clutch 1s
engaged from a state 1n which the clutch 1s disengaged
and while the vehicle 1s driven only by the power of the
electric motor; and

clutch engagement control means of controlling the
engagement of the clutch that shifts the clutch to a hali-
engaged clutch state where the power 1s partially trans-




US 8,903,583 B2

13

mitted during a period while the torque of the electric
motor 1s reduced at the torque reducing rate and then
engages the clutch.

7. A control method of a vehicle driven by an internal
combustion engine and an electric motor that are connected to
cach other through a clutch configured to connect or cut
power, the vehicle comprising an Electronic Control Unit
(ECU) for controlling operation of the internal combustion

engine and the electric motor, the control method comprising:
an electric motor control step performed by the ECU con-
figured to find a torque reducing rate which i1s deter-
mined according to a torque requested by a driver and
indicates the rate at which the torque of the electric
motor 1s reduced relative to a time course, and for con-
trolling the electric motor that reduces a torque of the
clectric motor at the torque reducing rate when the
clutch 1s engaged from a state in which the clutch 1s
disengaged and while the vehicle 1s driven only by the
power of the electric motor; and
a clutch engagement control step performed by the ECU
for controlling the engagement of the clutch that shiits
the clutch to a half-engaged clutch state where the power
1s partially transmitted during a period while the torque
of the electric motor 1s reduced at the torque reducing
rate and then engages the clutch.
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8. A non-transitory computer-readable storage medium for
storing a computer program causing a computer to control a
vehicle driven by an 1nternal combustion engine and an elec-
tric motor that are connected to each other through a clutch
configured to connect or cut power, the vehicle comprising an
Electronic Control Unit (ECU) for controlling operation of
the internal combustion engine and the electric motor, to
perform a process including:

an electric motor control step performed by the ECU con-

figured to find a torque reducing rate which 1s deter-
mined according to a torque requested by a driver and
indicates the rate at which the torque of the electric
motor 1s reduced relative to a time course, and for con-
trolling the electric motor that reduces a torque of the
clectric motor at the torque reducing rate when the
clutch 1s engaged from a state 1n which the clutch 1s
disengaged and while the vehicle 1s driven only by the
power of the electric motor; and

a clutch engagement control step performed by the ECU

for controlling the engagement of the clutch that shiits
the clutch to a half-engaged clutch state where the power
1s partially transmitted during a period while the torque
of the electric motor 1s reduced at the torque reducing
rate and then engages the clutch.
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